Genetic services have historically been time and labor intensive. Little information is known about the proportion of time genetic counselors (GCs) spend face-to-face with patients in comparison to the time spent on patient-related activities (PRA). We aimed to perform a real-time workflow study of GCs representing multiple clinics and specialties. We developed an electronic collection tool formatted in 15-min incre- 
| INTRODUC TI ON
Advances in the identification and management of genetic disorders, the rapid development of new genomics tests (The National Institutes of Health Genetic Testing Registry, n.d.), and increased public awareness of the value of genetic testing (Evans et al., 2014) are increasing demand for clinical genetic services, including services provided by genetic counselors (GCs). Genetic services have historically been, and continue to be more time and labor intensive than those provided in other health-care specialties (Bernhardt, Weiner, Foster, Tumpson, & Pyeritz, 1987; McPherson et al., 2008) . Most genetic conditions are individually rare and affect multiple organ systems.
Information about the clinical phenotype, etiology, and management frequently changes due to advances in research. Affected or at-risk individuals and families are presented with an increasing number of genetic test options and must often make complex decisions related to diagnosis and management. As a result, geneticists and GCs spend an extensive amount of time on case preparation, face-to-face patient care, and case management/follow-up.
There is widespread concern regarding whether there are enough GCs to meet the growing demand for genetic services. A systematic review of perceived barriers to integration of genetic services into primary care identified lack of access to genetic services as the largest systems barrier (Mikat-Stevens, Larson, & Tarini, 2015) . In a survey of primary care physicians, more than half of respondents indicated they did not have access to genetic professionals (Haga, Burke, & Agans, 2013) . Although there was no association between practice specialty (family medicine vs. internal medicine) and access, those working in academic medical centers reported better access than those working in community or hospital settings (Haga et al., 2013) . As a result of limited access, some health-care providers with little training in genetics have attempted to provide genetic services (Bensend, Veach, & Niendorf, 2014) . In some instances, this practice has resulted in adverse outcomes including misinformation, lack of psychosocial support, and inappropriate utilization of genetic testing (Bensend et al., 2014) . Such examples speak to the important role of GCs and appropriately trained professionals in providing complex genetic services.
One way GCs can improve access to their services is by improving their efficiency, that is, increasing the number of patients seen per week by streamlining/reducing the time spent on the tasks performed before and after a genetic counseling encounter. A few studies have examined how genetic professionals spend their time in and out of clinic to identify areas where efficiency could be enhanced. These studies evaluated the time spent face-to-face with patients and on patient-related activities (PRA) outside of the clinical encounter.
The first such study was conducted in 1987, a time when there were only 416 board-certified clinical geneticists and 310 GCs (Bernhardt et al., 1987) . Bernhardt et al. (1987) The study found that the total time spent per new patient by the team averaged 7 hr: about 4 hr in clinic and 3 hr on pre-and postvisit PRA. Genetic counselors saw 38% of new patients and spent an average of 61 min per patient. This included time spent on the face-to-face interaction and on pre-and postvisit PRA. In contrast, the genetics fellow and the attending physician spent an average of 181 and 90 min per new patient, respectively. Although this study did not collect data on the time spent on specific tasks, it provided baseline information about workflow in clinical genetics. In addition, the study established the need for a more in-depth time analysis of the services provided in a genetics clinic (Bernhardt et al., 1987) .
In 1989, Bernhardt and Pyeritz published a follow-up study that expanded the scope to include four diverse clinical sites: a pediatric genetics clinic, a private genetics specialty clinic, a prenatal diagnosis clinic, and five outreach clinics. This second study also found that provision of genetic services is time consuming. The total time spent on new patients ranged from 3 hr (prenatal clinic) to 5.5 hr (specialty clinic). In all clinic settings, at least half of the total time was spent on tasks performed before or after the clinic appointment (Bernhardt & Pyeritz, 1989) .
Almost 20 years passed before another clinical genetics workflow study that included GCs was published. McPherson et al. (2008) documented the workflow in a general genetics clinic in terms of the time spent on face-to-face patient care, PRA, and on activities not related to direct patient care like research and teaching. The study employed a prospective study design that involved documentation of daily activities performed over a 10-week period for two clinical geneticists and three GCs. In order to capture time spent on specific tasks, the electronic tool used to document time delineated specific task categories such as record review, literature search, dictation and proofreading of letters, discussion of the case with other providers, insurance appeals, and telephone follow-up.
The results of this study were strikingly similar to those found in the initial Bernhardt et al. study (1987) . The combined time the geneticist/GC spent was about 7 hr per new patient and 3.5 hr per returning patient. Genetic counselors spent about 25% of their time directly seeing patients, 50% of their time on PRA, 13% on administrative tasks, and around 7% on research (McPherson et al., 2008) .
More recently, Sukenik-Halevy, Ludman, Ben-Shachar, and RaasRothschild (2015) explored how much time was required to perform a total workup for various clinical genetics scenarios. The investigators administered an online survey to an international group of geneticists and GCs. Participants included 128 medical geneticists, 2 medical genetics residents, 20 GCs, and 1 clinical psychologist.
Respondents reported spending an average of 48 min in pediatric sessions and 1.8-4 hr overall. Most of this time was spent on indirect activities, with only 25%-42% of a clinician's time dedicated to faceto-face patient care. The results emphasized the need for genetic professionals to further evaluate how to adapt services in order to become more cost effective (Sukenik-Halevy et al., 2015) .
The National Society of Genetic Counselors (NSGC) collects self-reported data on time spent face-to-face with patients and on case preparation activities as part of its biannual Professional Status Survey (PSS). In both the 2014 and 2016 PSSs, a majority of clinical GCs (63.4% and 67.1%, respectively) reported spending more than 45 min face-to-face with an initial patient. In contrast, a majority (70.3% and 70.9%, respectively) reported spending 30 min or less on case preparation activities (NSGC PSS, 2014 . These results suggest there may have been a shift in the ratio of time spent face-to-face with patients versus on PRA. However, since the PSS data are self-reported and reflect practices of GCs in a wide variety of settings, it is difficult to directly compare them with the results of time studies.
| PURP OS E OF THE PRE S ENT S TUDY
There is a gap in the literature regarding how GCs, specifically, are spending their work time and what proportion is spent directly seeing patients versus on PRA and other responsibilities. These workflow data are essential to evaluating current models of practice, identifying areas where efficiency can be enhanced, and ultimately, working towards increasing access to services. This type of study is timely given the priority the NSGC has placed on promoting best practice service delivery models that are both high quality and efficient (NSGC Strategic Plan, 2017) .
The purpose of the study is to investigate GC workflow in realtime, focusing exclusively on GCs and including those working in multiple specialties and clinics. Specifically, we aimed to identify the time spent on different elements of patient care and to assess if there are areas where efficiency could be enhanced or activities delegated to other members of the clinic staff. Furthermore, we aimed to describe the impact of clinic setting on workflow by identifying whether differences in the way clinics are organized or staffed affected efficiency in terms of the number of patients seen. A third aim was to ascertain GCs' thoughts on ways to increase efficiency in clinic and perceived barriers. As the demand for genetic counseling services continues to grow, this type of workflow analysis will be an important aspect in generating creative ideas and solutions to ensure there is adequate access to genetic services.
| ME THODS

| Participants
Upon approval by the Wayne State University Institutional Review Board, an invitation was sent via email to all patient-facing GCs in Michigan as identified through the NSGC's and the Michigan Association of Genetic Counselors' membership lists. An invitation was sent to 70 eligible participants. Eligible participants were defined as full-time clinical, patient-facing GCs currently practicing in the state of Michigan. Genetic counselors working solely in a laboratory setting and not counseling patients were not eligible. Individuals interested in participating were emailed a study information sheet that outlined the purpose and goals of the study. Upon consenting, participants were assigned a study number so that their responses to the study survey could be linked to their workflow data.
| Instrumentation: Survey
After enrollment, participants were instructed to complete a 20- 
| Instrumentation: Workflow
Real-time documentation of how the GC spent his/her time throughout the workday for a total of 1 week (5 work days, M-F) was collected. The GC was able to choose 1 week that was representative of his/her workflow over a 3-month study period (1 November 2015-1 February 2016). A Google spreadsheet was preformatted to record workflow information in 15-min increments from 7 a.m. to 7 p.m.
A drop-down menu was formatted for the participants to choose which activity they performed during any given 15-min increment.
There were 32 workflow activity options available (Table 1 ). The A draft version of the workflow collection tool was piloted by two experienced GCs at different clinics. Minor changes were made to the list of workflow activity options based on their suggestions. If individuals performed more than one activity during a 15-min increment, they were instructed to only record the primary activity.
Participants were instructed to leave time increments blank during lunch or personal breaks throughout the day. Finally, participants were asked to record how many patients were seen for each day of the study.
Detailed instructions on this process were provided to the participants, and the primary investigator was available throughout the study period to address any questions. Participants had the option of entering their workflow data directly online in their own personal data sheet or recording the information on a printed spreadsheet and then transferring the information to the online spreadsheet at the end of the day.
| Data analysis
| Quantitative analyses
Descriptive statistics were generated for each of the workflow data elements (numbers, percentages, means, standard deviations, ranges). All analyses were done using SPSS Version 22 software.
| Qualitative analyses
All of the open-ended responses were reviewed by one author (A.T.)
to identify categories/themes of responses using an inductive approach (Thomas, 2006) . Once the categories were identified, all the responses were coded to quantify the number of participants who selected each response category. A second author (C.A.) then reviewed the categories and the codes assigned to each response. Any discrepancies in assignment of categories or coding were discussed until consensus was reached. 
| RE SULTS
| Participant demographics
| Clinic setting
Half of the participants reported being the only full-time GC in their clinic ( Table 2 ). The remaining eight participants ranged from having 
| Workflow data
The 16 participants logged a total of 652.5 hr for a mean of 40.8 hr worked per week (SD = 4.4 hr). This does not include personal time/ lunch, as participants were instructed to leave those time increments blank.
| Number of patients seen and length of sessions
The number of patients seen per week for each specialty varied (Table 3) . Overall, participants saw a mean of 10 patients (Median = 8, range of 5-19) over the week. Prenatal GCs saw a mean of 17 patients per week, followed by prenatal/cancer GCs (M = 11).
Cancer and pediatric/adult GCs both saw a mean of nine patients per week. Medians and ranges are included in Table 3 .
The length of the sessions varied across specialties (Table 3) .
Overall, the mean length per session was 47 min (Mdn = 48, range of 32-75 min). Prenatal GCs had on average the shortest session length (M = 36 min). Cancer and pediatric/adult GCs had similar mean session lengths (M = 52 min and 56 min, respectively). These were the longest mean session lengths. Medians and ranges for all specialties are included in Table 3 .
| Time spent directly seeing patients
Since only time spent face-to-face with patients is potentially billable and reimbursable, we examined the proportion of time GCs spent directly seeing patients (both new and follow-up patients) versus on all of the other PRA ( Figure 1a ). "Patient-related activities" were defined as all tasks directly related to patient care (telephone disclosures, case reporting to physician, case prep, follow-up, administrative, etc.) excluding the face-to-face time spent with the patient (see Table 1 ). On average, 20% of the GC's time was spent face-to-face with patients, while 64% of time was spent on PRA and 16% on other tasks not directly related to patient care. This is the equivalent of approximately 8 hr a week counseling patients in session, 26 hr a week on PRA, and 6.5 hr on other tasks like research and teaching. Again, results were similar across all specialties (Figure 1b) with the exception of prenatal genetic counseling where GCs were able to spend 27% of their time directly seeing patients and 57% of their time on PRA.
| Patient-related activities
We also investigated the time spent on PRA per patient (Table 3) .
Overall, the mean time spent on PRA per patient was 3 hr (Mdn = 3.2, range of 1.1-4.5 hr and pediatric/adult GCs spent a mean of 3.5 hr on PRA per patient.
Medians and ranges across specialties are in Table 3 .
We looked at the time spent in the PRA category to determine the most time-consuming tasks for GCs. Overall, letter writing/ dictation was the most time-consuming task, followed by medical record review, patient-related paperwork, and coordinating patient care. On average, GCs spent a mean of 6.3 hr (SD = 2.4) writing letters over the week (Table 4 ). The prenatal GCs in the study spent the least amount of time on this task, averaging 4.9 hr (SD = 2.3) on letter writing. Notably, prenatal/cancer GCs actually spent more time on average writing letters throughout the week than seeing patients. There was no observed difference in the time spent on this task between counselors who wrote letters versus GCs who verbally dictated letters. Since GCs reported how many patients they saw over the week, we were able to estimate how much time was spent on individual letters (Table 4) . We found that overall GCs spent a of 51 min (SD = 16) per letter. Cancer GCs and pediatric/adult GCs spent a mean of 38 min (SD = 21) and 50 min (SD = 16), respectively, per letter. We did not ask respondents what type(s) of letters they wrote (e.g., patient letter, letter to referring physician, other).
As for the other most time-consuming tasks in the PRA category,
GCs spent a mean of 3.9 hr (SD = 1.5) on medical record review. They also spent 2.3 hr (SD = 2.1) on patient-related paperwork (including billing paperwork, lab requisitions, or input of patient information into a database) and 2.3 hr (SD = 1.8) coordinating patient care (i.e., miscellaneous phone calls, conversations throughout the day with various providers, or calls to genetic testing laboratories) over the course of the week. Table 5 provides a more in depth breakdown of the most time-consuming PRA of the participants in the study.
| Total time spent on patients (face-to-face time plus PRA)
Taken together, the time spent during the appointment in addition to the time spent on PRA was a mean total of 3.8 hr per patient (Mdn = 4.0, range of 1.7-5.8 hr) (Table 3) . Prenatal GCs spent a mean total of 1.9 hr on each patient. Genetic counselors practicing in both prenatal and cancer spent a mean total of 3.4 hr on each patient.
Cancer GCs and pediatric/adult GCs spent a mean total of 4.1 hr and 4.4 hr on each patient, respectively. These numbers reflect the total mean time spent on each patient (before, during, and after an appointment). Medians and ranges across specialties are in Table 3 .
| Impact of clinic setting
Half of the participants reported being the only GC staffing their clinic. We found that these GCs spent a mean of 7.2 hr/week (Mdn = 7.1, SD = 1.9) directly seeing patients as compared to the 8.8 hr/week (Mdn = 8.3, SD = 2.8) for the participants who reported having more than one full-time GC on staff.
Seven participants (all of the cancer GCs and two of the pediatric/adult GCs) reported that they collect family history information and have pedigrees prepared prior to patient appointments when possible. Cancer sessions tended to be longer, 52 min (Mdn = 54, range 39-66 min), as compared to the other specialties; however,
given that all of the participating cancer GCs collected family history prior to appointments, we could not determine whether this variable had an impact on session length or the number of patients seen.
There was no observed difference in the session length or number of patients seen for the two pediatric GCs who reported collecting family history prior to appointments compared to the rest of the pediatric GCs.
Four GCs reported having a billing specialist on staff. There were no differences observed in the time spent on follow-up and administrative tasks for those with and without a billing specialist.
Compared to the rest of the participants, cancer GCs spent 
| Open-ended responses
We asked participants what they perceived to be the most time-consuming element of genetic counseling. Tasks related to patient follow-up were cited by 15 of the 16 GCs in the study. Specifically, letter writing (n = 7) and other documentation (n = 6) were perceived to be the most time-consuming tasks by participants. Follow-up tasks such as sending out test kits, tracking results, insurance authorizations, and coordinating referrals were also noted by numerous GCs as being time consuming. Other GCs indicated administrative tasks (n = 5), case preparation (n = 3), and face-to-face interactions with patients (n = 2) to be the most time consuming.
A total of eight areas were identified that could potentially improve efficiency. The most common responses were to have a genetic counseling assistant (GCA) to do tasks to free up the GC's time (n = 6) and to improve letter writing efficiency (n = 6). Other suggestions included hiring more GCs and billing specialists as well as streamlining the referral process. Some responses were clinic specific, such as the suggestions for dedicated genetic counseling space to decrease the time spent waiting for rooms, and implementation of an EMR.
Nine different barriers to implementing these changes were identified. The most common themes included funding and justifying cost for needed additional staff (n = 4), barriers related to documentation including lack of templates and high expectations regarding how much needs to be documented (n = 4), and insufficient personnel (n = 4).
TA B L E 5
The most time consuming patient-related activities (PRA) The average work week for this cohort was 40.8 hr.
Respondents reported having already implemented a number of strategies to improve efficiency. Some were clinic specific. However, strategies used by more than one respondent included hiring a GCA or nurse (n = 5), using the EMR for coordination of care (n = 3), various methods for improving the efficiency of letter writing (n = 9), improving workflow (n = 4), disclosing more results by telephone (n = 2), and hiring a billing specialist and/or triaging billing tasks to a GC assistant.
| D ISCUSS I ON
To our knowledge, this is the first real-time workflow study targeting GCs exclusively and including GCs from multiple specialties and clinics. Overall, our results support previous literature that shows genetic services continue to be extremely time consuming and labor intensive (Bernhardt et al., 1987; McPherson et al., 2008) . We found that GCs in Michigan are only spending These findings are on par with the previous study (McPherson et al., 2008) where they reported 50% of the clinician's time was spent on PRA and an additional 13% on administrative tasks. In contrast, a majority (70.9%) of PSS respondents reported spending 30 min or less on preparation for an average case (NSGC, 2016) . The difference may be that PRA as measured in the present study includes not only case preparation but many additional activities. Bernhardt et al., (1987) found that the genetics team spent an average of 7 hr per new patient in an adult genetics clinic. A subsequent study found that the average time spent per new patient varied by specialty from 3 hr to 5.5 hr in prenatal and specialty clinics, respectively (Bernhardt & Pyeritz, 1989) . It is difficult to make side-by-side comparisons between the results of our study and other genetic workflow studies. The earlier studies evaluated the combined time spent by GCs/geneticists/other team members and did not delineate the specific role of each team member in patient care (Bernhardt & Pyeritz, 1989; Bernhardt et al., 1987) . Nonetheless, GCs and other genetic professionals still appear to be spending only a small portion of their time face-to-face with patients.
The situation is reversed in primary care. A time-motion study by Gottschalk and Flock (2005) showed that family physicians spend 55% of their time face-to-face with patients, 14% on work outside of the exam room relevant to a patient currently being seen, and 23% on work related to patients not currently in the office. Similarly, Gilchrist et al., (2005) showed that family physicians spend only 39% of their time outside of an exam room. Although primary care and genetics practice are quite different, these studies highlight the disproportionate amount of time genetic professionals spend on PRA.
As noted by Irons (2008) , this is neither a financially sustainable model, nor does it allow for managing increasing patient volumes.
In the (Hoskovec et al., 2018) . In the absence of a sufficient number of GCs to meet the growing demand for services, current practitioners need to evaluate how they can increase their efficiency to ensure adequate access.
One way to improve efficiency is to identify time-consuming PRA. Our study analyzed the time spent in the specific tasks that comprise the PRA category. Our analysis revealed that across all specialties, letter writing was the most time-consuming element of patient care. With the exception of prenatal genetic counseling, GCs spent almost as much time writing letters as they did seeing patients. A number of studies have demonstrated the value of summary letters (patient letters and/or physician letters copied to the patient) in reducing patient anxiety (Baxter, Farrell, Brown, Clarke, & Davies, 2008; Lobb et al., 2004) , increasing accuracy of risk perception (Lobb et al., 2004) , improving patient recall (Baxter et al., 2008; Cassini et al., 2011; Kausmeyer et al., 2006) , and helping patients share information with relatives (Baxter et al., 2008; Kausmeyer et al., 2006) . However, a case-control study showed that shorter patient summary letters (~1.5 pages) were actually rated higher by patients and associated with a more positive emotional reaction than the typical (4-5 page) patient summary letter (Roggenbuck et al., 2014) . Of note, evaluating the necessity of lengthy clinic letters was a suggestion made 30 years ago in the initial genetics workflow study (Bernhardt & Pyeritz, 1989) . However, whether writing shorter genetic counseling letters takes less time has not been investigated.
Dictating letters and charting is a regular part of patient care. In fact, Gilchrist et al. (2005) (Miller et al., 2014) . As such, this is a crucial aspect of care that should remain a part of the genetic work-up.
However, utilizing support staff such as a GCA to help prepare charts and pull the necessary medical records could expedite the process.
GCAs or other support staff individuals could also reduce the time GCs spend on other PRA such as completing billing paperwork and lab requisitions, doing insurance authorizations and appeals, and coordinating referrals.
There has been one study investigating GCA job responsibilities and the impact of GCAs on GC efficiency (Pirzadeh-Miller, Robinson, Read, & Ross, 2016) . The investigators identified 15 different tasks performed by GCAs, many falling in the category of PRA.
Furthermore, GCs who worked with GCAs increased their patient volumes on average by 60% (Pirzadeh-Miller et al., 2016) . As such, employing GCAs may be one way to help GCs spend a larger proportion of their time in session with patients. In addition, GCAs may be cost effective in the sense that they can accomplish appropriate PRA at a lower cost (e.g., lower salary) than a GC.
As genetics practice continues to evolve, many clinics are incorporating alternative service models in order to meet the growing demand (Cohen, Huziak, Gustafson, & Grubs, 2016) . Cancer GCs, in particular, utilize and embrace telephone counseling for result disclosures as a means to save the available patient time slots for new patients (Wham et al., 2010) . We found that on average cancer GCs are spending 102 min/week on telephone result disclosures adding up to around 5,300 min (88 hr) per year. Billing and reimbursement challenges, however, are a major barrier to implementing alternate service models such as telephone and group counseling.
Reimbursement overall for genetic counseling services has been a long-standing issue within the profession. One study found that of 582 GCs, 31.1% did not bill for in-person services at all and only 8.6%
were able to bill in their own name and National Provider Identifier (Cohen et al., 2013) . Some institutions may make staffing decisions based on the revenues generated by genetics providers. As such, the inability of GCs to appropriately bill for services may be a barrier to implementing some of the strategies proposed to increase effi- 
| Limitations
A limitation of the current study is the short data collection period.
We asked participants to select 1 week in a 3-month period that was representative of their workflow; however, after data were submitted, we did not verify whether the week reported represented typical practice. With regard to study population, it is possible that GCs who perceive themselves as being busy had a greater interest in this topic and were more inclined to participate. It is also possible that Given our small sample size and the fact that we only recruited participants from Michigan, the results of our study may not be generalizable to genetic counseling practice overall. However, the current study is the largest real-time workflow study focusing exclusively on GCs to our knowledge. Furthermore, there are several strengths of the study including its prospective design, the high compliance with recording methods, the inclusion of various clinics and multiple specialties, and detailed analysis of time spent on specific PRA. As such, this study provides additional, important insight on workflow in genetic counseling practice.
| Future directions
Future studies should aim to include more GCs over a longer study period. Implementing workflow studies in other states or countries may help assess whether there are regional/international differences in practice. Further work is needed to assess the impact of specific differences in clinic setting on the time spent on direct patient care and on PRA. Specifically, research should evaluate the efficacy of GCAs in reducing the time GCs spend on PRA and whether this results in GCs being able to see more patients. More extensive workflow documentation may provide the evidence needed to request enhanced reimbursement for time spent on tasks other than face-to-face care. Additional work in identifying strategies to reduce the amount of time spent on PRA is also critical to help meet the growing demand for genetic counseling services.
One factor that was beyond the scope of the current study but warrants further investigation is how time spent on various genetic counseling tasks relates to quality of genetic counseling services. As important as it is to provide efficient care to help improve access, it
should not be at the expense of providing quality services. Future studies should investigate whether there is a relationship between time spent on various tasks, including face-to-face counseling and patient outcomes.
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